Additive partial field gradient model 96 
Antimony trichloride adducts, secondary 
bonding in 47 
Asymmetry parameter of electric field 
gradient 13, 34 
Bismuth trichloride 
aspects of bonding 48—50 
structural aspects 39—41 
x-bonding in 
Al,Br> 144 
Bhal, 118 
Bhal,-Me,;N 118 
cations trans-[M(en),Cl,}*(M = Co, 
Rh) 97 
Cu,hal,(PPh;); 160 
MoCl, 155 
Nahal, 154 
NbCl, 135—136 
NbCl,-POC], 135—136 
ReCl, 155 
Tahal, 154 
tetrahedral R,Nihal, complexes 
77 
TiCl,-nL 129—130 
WCl, 155 


Charge transfer amount in 
GaCl,-L 107 
SbCl,-L 122 
SbCl,-L 107 

cis-trans-Isomerism in 
HfCl,-2MeCN 131 
MoCl,-2MeCN 131 
Ptl,L, 207 


cis-trans-Isomerism in 
SnCl,-2L 111-113 
TiCl,-2L 128, 130 
ZrCl,-2MeCN 131 
Cl] NQR frequencies vs heats of 
formation for 
GaCl,-L 103 
SbCl,-L 107 
SnCl,-2L 113 
Compounds in glassy and crystalline 
state 
As,8, 198 
As,Se, 198 
P,0,Cl, 198—199 
Continuous wave techniques 22—24 
Cotton and Harris model 35 
Crystallographic inequivalence 37, 63 


Double resonance techniques 27 
Dual functions of TeCl, 124—128 


Effective charges on the atoms in 
GaCl,-L 107 
Ga,Br, 147 
Ga,Cl, 147 
KAI,Br, 144 
(Me,N),Ga,Br, 147 
(Me,N),Ga,Cl, 147 
NaGaCl, 107 
RAILBr, 143 
RSbCl, 107 
SbCl,-L 107 
Effective charges on the atoms of 
V-shaped cations 


Additive partial field gradient model 96 
Antimony trichloride adducts, secondary 
bonding in 47 
Asymmetry parameter of electric field 
gradient 13, 34 
Bismuth trichloride 
aspects of bonding 48—50 
structural aspects 39—41 
x-bonding in 
Al,Br> 144 
Bhal, 118 
Bhal,-Me,;N 118 
cations trans-[M(en),Cl,}*(M = Co, 
Rh) 97 
Cu,hal,(PPh;); 160 
MoCl, 155 
Nahal, 154 
NbCl, 135—136 
NbCl,-POC], 135—136 
ReCl, 155 
Tahal, 154 
tetrahedral R,Nihal, complexes 
77 
TiCl,-nL 129—130 
WCl, 155 


Charge transfer amount in 
GaCl,-L 107 
SbCl,-L 122 
SbCl,-L 107 

cis-trans-Isomerism in 
HfCl,-2MeCN 131 
MoCl,-2MeCN 131 
Ptl,L, 207 


cis-trans-Isomerism in 
SnCl,-2L 111-113 
TiCl,-2L 128, 130 
ZrCl,-2MeCN 131 
Cl] NQR frequencies vs heats of 
formation for 
GaCl,-L 103 
SbCl,-L 107 
SnCl,-2L 113 
Compounds in glassy and crystalline 
state 
As,8, 198 
As,Se, 198 
P,0,Cl, 198—199 
Continuous wave techniques 22—24 
Cotton and Harris model 35 
Crystallographic inequivalence 37, 63 


Double resonance techniques 27 
Dual functions of TeCl, 124—128 


Effective charges on the atoms in 
GaCl,-L 107 
Ga,Br, 147 
Ga,Cl, 147 
KAI,Br, 144 
(Me,N),Ga,Br, 147 
(Me,N),Ga,Cl, 147 
NaGaCl, 107 
RAILBr, 143 
RSbCl, 107 
SbCl,-L 107 
Effective charges on the atoms of 
V-shaped cations 


(SbBr,*, ICi,*, I,Cl*, I,*) in ionic Ligand donating power in 
complexes 90 GaCl,-L 106 
EFG-contributions at SbCl,-L 109 
Ag,SbS, 173 SnCl,-2L 111 


7%5As in Ag,AsS, 173 Marino and Toyama method 21 


in Bihal 182—184 
Merc iodide adducts, secondary 
“Br in CdBr, 178—181 


%C] in CsGeCl, 190 
CsPbCl, 190 in alloys 
CuSbS, 173 Nb,Al 208 
127] in Cdl, 178—181 Nb,Ga 208 
77 in NalO, 99—100 Nb,Ge 208 
Nb in alloys Nb,M 209 Nb,Ir 208 
185Re in KReO, 99—100 Nb,Os 208 
Sb in Ag,SbS, 173 Nb,Pt 208 
in Menshukin complexes 121 Nb,Sn 208 
Electric field gradient, EFG 10, 28,29 NQR in the systems 
Electroacoustic echo 210—211 CdSb+ZnSb 201 
Na,S+Sb,8, 200—201 
Ferro- and antiferroelectric properties of Sb,8, + Bi,S, 194—195 
NQR spectra of 
— = 172 
“I, 190 Al™Br,-L 119 
190 139 
189190 170, 196 
189— 190 %As,Se, 170, 196 
%As,Te, 170 
LiTaO, 189—190 
NaNbO, 189-190 
SbNbO, 189 B™Be, 116 
B"Br,-Me,N 116 
SbTaO, 189 
Ferroelastic properties of 116 
LaNbO, 189 BT, 116 
B""],-Me,N 116 
LuNbO, 189 
method 18—19 Br,-2H,O 177 
187BaCl,-2H,O 177 


Ba""],.2H,O 177 
Hexachlorometallates(IV), ion-ion BiCl, 40 


repulsions in 54—58 2B 124 
Hexachlorometallates(V), spectral 124 
splittings in 63—64 2L 124 
Bi'"I, 179 
Innersphere conversions in 2*BiNbO, 187 
cis-Pt(etNH,),1, 206 *BiOhal 183 
cis-Pt(meNH,),1, 206 2*BiTaO 187 


| 
1 


234 


NQR spectra of NQR spectra of 

2°BiVO, 187 Hf'"I, 166 

2®Bi,Mo,0,, 190 Hg"Br, 167 

*Bi,S, 170, 196 HgCl, 20 

2*Bi,WO, 190 Hg*Ci, 167 

2*Bi,O,Br 183 Hg""I, 167 

*Bi,O,Cl 183 139—140 
2Bi.Ge,0,. 190 139—140 
2°Bi,Ti,O,. 190 ionic compounds with V-shaped 
Bi »~GeO,, 190 cations 

190 (SbBr,*, SbIj, a-Ij, CIF}, 
Ca™Br, 177 BrF;) 88—89, 93 
Ca®™Br,-2H,O 177 ionic tetrafluorohalide( V )fluoroanti- 
Ca"1,-6H,O 177 monates(V) 93 

Cd"Br, 177 ionic trichlorosulphonium(IV)chloro- 
177 metallates 83—84 
Cd™38b 201 KHg""I,-H,O 167 

Co*®Cl, 177 K*NbO, 190 

Co*Cl,-2H,O 177 187 
Co*Cl,-6H,O 177 Li*®NbO, 190 

Cr®Br, 179 %5EuNbO, 187 

Cr*Cl, 177 (Me,N),Ga,"Br, 146 
CrCl, 179 (Me,N),"Ga,*Cl, 146 
CrO,*Cl, 166 (Me,N),Bi,"Bry 145 
Cs®Ga,""I, 142 (Me,N),Bi,*Cl, 145 
145 (MeNH,),Bi,"Br, 145 
145 145 
145 (MeNH,),Sb,"Bry 145 

Cu" Br, 167 Me,NHg""I, 167 

Cu*Cl, 167 Mo*Cl,-2MeCN 131 
157, 159 Mo*Cl, 148 

*3Cu,Cl,(PPh,), 159 MoO*Cl, 157 
157, 159 MoO,*Cl, 166 
(Et,N),"Ga,"Br, 146 Na®™NbO, 190 
(Et,N),"Ga,*Cl, 146 SNb"Br, 148—149 

Fe*Cl, 177 148—149 

Fe*Cl, 179 *Nb*Cl,-L 134—135 
“Ga"Br, 139—140 Nb" I, 149 

GaCl, 20 NbO™Br, 157 

139—140 *NbO™Cl, 157, 159 
139—140 *Nb,"Br,(SC,H,), 158, 159 
GeCl, 20 *Nb,*Cl,(SC,H,), 158, 159 
Hf"Br, 166 158, 159 
HfCl, 166 Nd™Br, 179 

Hf*Cl,-2MeCN 131 octahedral complexes of *Co(III) 95 
HfCl,-nPO*Cl, 131 Pb"Br, 167, 177 


“pa 


235 
NQR spectra of NQR spectra of 
177 Ta,"'Br,(Sc,H,), 158 
a-Pd®Cl, 166 Ta,*Cl,(SC,H,), 158 
6-Pd*Cl, 166 Te™Br,-AlBr, 126 
periodates 99 Te"Br, 126 
perrhenates A™*ReO, 99 Te*®Cl, 126 
8-Pt™Cl, 166 Te*Cl,- AIC], 126 
RAI,"Br, 141—142 Te*Cl,-2(CH,),SO 126 
R®Ga,"'Br, 142 Te*Ci,-(C,H,),8 126 
R®Ga,*Cl, 142 Te*Cl,-PO*Cl, 126 
RH,”"AsO, 100 tetrabromocadmiates(IT) 79 
172 tetrachloroiodates(III) 69 
172 tetrahaloaluminates(III) 69 
R,HAsO, 100 tetrahaloaurates(ITI) 69 
R,*BiS, 172 tetrahalogallates(ITI) 69 
R,!38bS, 172 tetrahalomercurates(II) 79 
Re*®Cl, 149 tetrahalopalladates(II) 69 
Ru*Cl, 179 tetrahaloplatinates(II) 69 
139—140 tetrahalozincates(II) 78—79 
121,199bF, 162 tetrahedral (Ph,P),Ni®Br, 77 
121,123mSbF,-nM‘hal 162 tetrahedral (Ph,P),Ni**Cl, 77 
121,138bNb0, 187 tetrahedral (Ph,P),Ni*”1, 77 
187 tetraiodothallates(ITI) 69 
121,138bTaO, 187 Ti@Br, 179 
121,123y-Sb,0, 187 TMCl, 177 
121,1238-Sb,0, 187 Ti*Cl, 179 
121,12385,8, 170, 190 TMCl, 128 
170, 196 TiMCl,-L 128 
121,1238h,0,Cl, 183 TiMCl,-2L 128 
121,1234-Sb,0,""71 183 transition metal hexahalides(IV) 59 
179 U*Cl, 179 
Sn™Br, 167 179 
Sn™Cl, 167 179 
SnCi, 168 W*Cl, 148 
Sn*Cl,-2L 110 WO*Cl, 157, 166 
square-planar (Bu,"P),Ni*Br, 77 WO*Cl, 166 
square-planar (Bu,"P),Ni®Cl, 77 Y"Cl, 179 
square-planar (Pr,"P),Ni®Br, 77 Yb"NbO, 187 
square-planar (Pr,"P),Ni®Cl, 77 Zn™Br, 167 
Sr*'Br,-2H,O 177 Zn*Cl, 167 
Sr7],-6H,O 177 167 
1Ta"Br, 148, 150 Zn™ 201 
TaCl, 147, 151 Zr™Br, 166 
Cl, 148, 149 Zr™Cl, 166 
132—133 Zr™Cl,-2MeCN 131 


149, 150 ZrCl,-nPO*Cl, 131 


i 


NQR spectra of 
Zr"J, 166 

Nuclear quadrupole moment 10 

Nuclear quadrupole resonance spectra 
of 
hexachloroantimonates(V) 63 
hexachlorometallates(IV) 63 
hexachlorometallates(V) 63 
hexahalobismuthates(V) 63 
hexahalometallates(ITI) 64 


Phase transitions in 
AgAsS, 192 
Ag,AsS, 192 
Ag,SbS, 192 
Cs,CdBr, 81 
Cs,HgBr, 81 
K,ZnCl, 81 
(NH,),ZnCl, 81 
Rb,ZnCl, 81 
TiAsSe, 192 
Piezoelectric properties of 
Ag,AsS, 192 
Ag,SbS, 192 
Bi,Ti,O,, 191 
Bi,,GeO,, 191 
Bi,,Si0,, 191 
Polymorphic transitions in 
As,S, 202—203 
As,S, 203—204 
cis-Pt(meNH,),1, 205—206 
Pulsed line narrowing 25—26 


Quadrupole coupling constant, QCC 
13, 31 


Secondary bonding in 
ionic compounds with V-shaped 
cations 90—92 
ionic trichlorosulphonium(IV) 
chlorometallates 87 
Solid-state effect in 
octahedral complexes of Co( ITT) 
96—97 
tetrahalozincates(II) 82 
Spin-echo or pulse technique 24—25 
Spin-echo Zeeman experiments 21 


Spin-lattice relaxation time 7, 25 

Spin-spin relaxation time T, 25 

Sternheimer antishielding 55 
in K**ReO, 99 

in 99 

Structural data for 

AgAsS, 171 

AgSbS, 171 

AIBr, 138 

AlCl, 181 

As,S, 169, 171 

As,Se, 171 

As,Te, 171 

BaBr,-2H,O 176 
BaCl,-2H,O 176 

BiCl, 181 

BiNbO, 188 

BiOhal 182 

BiTaO, 188 

Bi,S, 170 

Bi,Ge,0,, 191 

Bi,Si,0,, 191 

Bi,Ti,O,, 191 

BiyGeO,, 191 

CdBr, 180 

CdI, 180 

CrCl, 181 

CsSbCIF, 165 

CsSbF, 164 

CsSb,F, 164 

Cs,Sb,hal, 144 

Cuhal, 168 

CuSbS, 171 

FeCl, 181 

GaCl, 138 

HfCl, 165 

Hfl, 165 

Hghal, 168 

ICl, 138 

InI, 138 

ionic compounds with V-shaped 
cations 90—91, 92 
ionic tetrafluorohalide( V)polyfluoro- 
antimonates(V) 92—93 
KAI,Br, 139 
KHgl,-H,O 168 
KSbCIF, 163 


Structural data for Structural data for 
KSbF, 165 SrBr, 176 
KSb,F, 161 TiAsS, 171 
(Me,N),Ga,Cl, 147 TiCl, 181 
Me,NHgl, 168 TiCl,-L 129 
MoCl, 147 TIBr, 181 
NbBr, 147, 151 trichlorosulphonium(IV) tetrachloro- 
NbCl, 147, 151 aluminate(ITT), - AICI +85—86 
NbCl,-POCI, 135 trichlorosulphonium(IV) tetrachloro- 
PdCl, 168 iodate(III), SClj -ICl; 85—86 
pentahalozincates(II) 81—82 UI, 181 
periodates AIYNO, 99 a-ZnCl, 168 
perrhenates AReY4O, 99 Znl, 168 
PrBr, 181 ZrCl, 165 
Ptci, 168 165 
ReCl, 147 
SbNbO, 188 Townes and Dailey approach, bonding 
SbPO, 188 model in terms of 30—32, 43—45 
SbTaO, 188 Transition metal hexachloroanions(IV), 
8-Sb,0, 186 contributions to “Cl frequency tem- 
a-Sb,0, 186 perature coefficient in 58—61 
Sb,8, 171 
Sb,Se, 171 Width of NQR line 25 
Sb,0,Cl, 184 
a-Sb,0,I 184 Zeeman experiments 16—22 
SnBr,-H,O 177 Zero-splitting locus method 17—18 


e 


Chapter 1 General aspects of NQR spectroscopy 
. Physical principles of NQR 
. Recording NQR spectra 
. Interpreting NQR spectra 
. Information supplied by NQR 
(i) Structural aspects of NQR information 
(ii) Aspects of bonding from NQR spectra 


Chapter 2 Compounds with discrete structural units 


A. Chemical bonding and structure of hexahalometallates of the type R,M'’X, ; 

cation influence on the EFG at the site of the halogen atom 

. Hexahalometallates of the types RMYX, and R,M"™X, ; structural trends; 
mixed-valence hexabromoantimonates 

. Crystal chemistry of square-planar and tetrahedral halometallates 
(i) Complexes with square-planar tetrahaloanions 
(ii) Complexes with tetrahedral anions 

. Interactions between heteroatomic ion pairs 

. The origin of the EFG at the complex ion central atom 

. Donor—acceptor bonding and charge distribution in GaCl,-L, SnCl,-2L 
and SbCl,-L molecular adducts 

. Molecular adducts of metal halides other than GaCl,, SnCl, and SbCl, . . 
(i) Complexes of the type M™X,-L (M™ — B, Al, In, As, Sb, Bi) . . . 
(ii) Complexes of the type M'VX,-nL (M'V = Te, Ti, Zr, Hf) 
(iii) Complexes of the type MCI,-L (M = Nb, Ta) 


Chapter 3 Compounds with polymer fragments in erystal lattice 
A. Chemically non-equivalent bonds in bridging dimeric compounds. . . . 


(i) Bridging dimers of non-transition elements 
(ii) Transition metal halides with dimeric units 


CONTENTS 

52 

62 

68 

68 
73 

82 

94 

101 

115 

115 
125 

132 
137 

| < 


B. Chain (ribbon) polymers 
(i) Infinite chains formed by metal halides 
(ii) Polymeric chalcogenides of Group V non-transition elements ; ternary 


(i) Metal halides and oxyhalides with a “sandwich” lattice 
(ii) Other layer oxyhalides of Group V elements 
(iii) Layer oxides of Group V elements; double oxides and related com- 


Chapter 4 NQR applications to materials research 


. Impurities and mixed crystals 

NQR in vitreous materials 

NQR as method for physico-chemical analysis 

After-effects in materials subject to the influence of extreme conditions . 202 
NQR in thermodynamically unstable complexes 

. Potential applications of NQR to the geosciences 

. NQR study of intermetallic compounds 

. NQR pulse instrumentation and related echo phenomena 


A 
B. 
C. 
D. 
E. 
F 
G 
H 


161 
161 
C. Compounds with layer structure 1% 
176 
184 


